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Introduction
The emergence of large multicentre nutritional studies, in response to the need for more concerted and harmonized diet-related public health actions in the European Union, has raised major methodological challenges for the standardization of dietary assessments across different study populations and geographical regions, both at the food and nutrient levels (Kohlmeier, 1991; Hautvast et al., 1993; Leclercq et al., 2001; Lagiou and Trichopoulou, 2001; Brussaard et al., 2002) . Nutrient databases (NDBs), required to calculate nutrient intakes from food consumption data, are important potential sources of random and systematic dietary measurement errors (Bingham, 1987; Cameron and van Staveren, 1988; Southgate, 1992, 2003; Nieman et al., 1992; Guilland et al., 1993; Lee et al., 1995; Garcia et al., 2003; Hakala et al., 2003; Kim et al., 2003; Vaask et al., 2004) . These errors, which will be detailed in this paper, can affect individual and population means as well as the distribution of nutrient intakes, and subsequently distort diet-disease associations. This methodological problem is further amplified when different NDBs with great variability in structure and content are to be used for pooled nutrient analyses on an international scale (Kohlmeier, 1991; Slimani et al., 1995; Deharveng et al., 1999; Puwastien, 2002) .
A number of different international and regional initiatives to improve the harmonization of analytical laboratory methods and definition and mode of expression of nutrients have been promoted over the past decades (Chatfield, 1949; Polacchi, 1986; Klensin et al., 1989; Truswell et al., 1991; Southgate, 1992, 2003; Scrimshaw, 1997) . The INFOODS organization proposed systems to describe foods and food components to facilitate international food data interchange (Klensin et al., 1989 (Klensin et al., , 1992 Truswell et al., 1991) . In Europe, this effort was followed by other regional initiatives and proposals to improve data interchange (Møller, 1992; Schlotke, 1996; Unwin and Becker, 1996) from European networks such as EUROFOODS COST99 and NORFOODS. More recently, a EU concerted action 'European Food Consumption Survey Method' (EFCOSUM), proposed recommendations to harmonize methodology for monitoring national nutritional surveys in Europe, including the use of NDBs (Brussaard et al., 2002) .
However, despite these major contributions principally oriented towards the harmonization of data management and interchange (or general recommendations), no standardized European food composition databases are yet available. Only recently has a Network of Excellence project on 'European Food Information Resources' (EuroFIR) been funded by the European Union (http://www.eurofir.net). The main purpose of this project is to provide comparable nutrient and other food component databases (e.g. bioactive components) between more than 20 participating countries in Europe. However, the end deliverables of this initiative are not expected before 2008-2010. In the absence of an existing standardized European NDB for nutritional epidemiology and as a pre-requisite for pooled diet-disease analyses, the European Prospective Investigation into Cancer and Nutrition (EPIC) Nutrient DataBase (ENDB) has been developed to harmonize NDBs
The EPIC nutrient database project N Slimani et al across the 10 European countries participating in the EPIC. It contains a first set of 26 priority nutrients and their related components between 550 and 1500 foods per country (about 10 000 foods in total). This paper describes the methodological concepts and approaches developed to build the ENDB for epidemiological research, using EPIC as a real study context. Furthermore, this project provides qualitative and quantitative insights into the strengths and weaknesses of standardizing NDBs across countries, as well as recommendations to improve them in the future. Indeed, ENDB is considered as an important pre-existing experience in standardizing NDBs, currently used as a prototype in EuroFIR for generating long-term procedures to handle NDBs at the European level.
Rationale for the development of the ENDB EPIC is one of the largest cohort studies on diet and cancer worldwide. It involves over 520 000 subjects from 23 centres in 10 European countries (Denmark, Sweden, Norway, Germany, the Netherlands, UK, France, Italy, Spain, Greece) . Dietary information was collected at baseline from all subjects using different dietary instruments developed and validated locally (Margetts et al., 1997) . A calibration approach was implemented (Kaaks et al., 1994; Slimani et al., 2002) to pool dietary information and relate it to different disease outcomes. This involved collecting a single 24-h dietary recall (24-HDR), as the reference calibration measurement, using a highly standardized computerized program (EPIC-SOFT), from a representative sample of each centre (n ¼ 37 000) (Slimani et al., , 2000a . Different EPIC papers on food intakes and cancers Norat et al., 2005; Van Gils et al., 2005; Engeset et al., 2006) and other outcomes (Sabaté et al., 2006, in preparation) have already reported results using the standardized EPIC-SOFT 24-HDRs both to correct systematic errors in the baseline dietary questionnaires and de-attenuate the relative risk estimates at the food (sub) group level (Kaaks et al., 1995) . However, so far the use of the calibration approach at the nutrient level has not been possible owing to the lack of standardized reference NDBs. The first objective for developing the ENDB was to provide a standardized reference instrument for calibrating the EPIC dietary measurements at the nutrient level. These NDBs can, however, be used in other study contexts or for other research purposes.
Pre-evaluation of the ENDB project and theoretical concepts of standardization
With limited resources available for this project, it was concluded that it was impossible to generate new analytical compositional data; rather the most cost-effective use was made of the readily available data in the 10 national databases. The actual development of the ENDB was preceded by a series of methodological steps including an extensive review of the comparability of the NDBs available in the countries participating in EPIC . The general theoretical concept developed to standardize NDBs in the EPIC setting and an interim report have been reported previously (Slimani et al., 2000b; Charrondière et al., 2002) . This preliminary work served to evaluate the nature and magnitude of the methodological problems of standardizing selected European NDBs, and to propose approaches described in this paper to overcome or better control them.
Structure of the ENDB project and partners involved
Different working groups in charge of specific tasks relevant to the ENDB project were created involving about 30 partners. The 'Task Force Group' was in charge of preparing reference guidelines for standardizing ENDB across countries, whereas the 'Computer Group' supervised the development of the DataBase Management System (DBMS) (EnMan, EPIC Nutrient Manager) used in the ENDB project. The 'Compiler Group' involved selected national compilers in charge of documenting, compiling and evaluating their own national data sets (NDSs), that is, a subset of the national database matching the EPIC foods reported by the study subjects in the 24-HDRs. The 'EPIC Collaborator Group', involving mainly experienced nutritionists from EPIC, worked on food matching and preparation of countryspecific recipe files. An 'Expert Group' involving experts on food chemistry and computer science was in charge of revising, commenting on and validating the documents prepared by the 'task force' and 'computer' groups.
Database management system (EnMan)
A DBMS (called EnMan) was developed from existing software, the Food Table Input (FTI) program (Unwin and Becker, 2002) to support the documentation, standardization, calculation, evaluation and export of the 10 NDSs and ENDB. This software offers facilities for compiling and documenting NDBs, complying with the recommendations for data exchange and management developed by the COST99/EUROFOODS network (Schlotke et al., 2000) and the ENDB guideline notes for preparing and exporting food composition data. To satisfy the ENDB's specific needs, three EnMan releases were developed for (1) documentation, (2) standardization and evaluation of the NDSs, and (3) building the ENDB. Additional functions to view, copy, edit, calculate and export nutrient data were also implemented in the system. An EnMan version containing the NDS (so-called 'host database') was prepared for each country. The other NDSs were also available to the compilers as documented data sources for comparing and evaluating their own The main steps in the construction of the ENDB are detailed successively below. However, for facilitating the reading, some of the steps listed above and depicted in Figure 1 have been combined in the same section. In addition, the calculation processes and the handling of missing values that occur in different steps have been addressed separately.
Building up empty standardized ENDB matrices
The extensive inventory of the national databases available in the countries participating in EPIC revealed differences in the availability and completeness of nutrients of interest for EPIC . In addition, important differences in the number, level of detail, and type of food items were reported across NDBs (Slimani et al., 2000b) . These differences, which are particularly difficult to correct for, explain to a large extent the difficulty of comparing and standardizing nutrient values across tables. Furthermore, the discrepancy between the foods available in NDBs and those the study subjects actually reported constitutes one of the principal sources of food coding/matching errors, and subsequent mis-estimation of nutrient intakes (Hoover, 1983; Franck et al., 1984) . To minimize these major problems, the general standardization approach adopted for the ENDB first entailed building up new empty matrices, using specific features of the EPIC dietary data (Slimani et al., 2000b) , to define its vertical (food lists) and horizontal (component lists) axes.
ENDB food lists (vertical axis of the matrices)
The vertical axis (i.e. food lists) of the ENDB matrices consists of aggregated foods from 37 000 standardized computerized 24-HDRs used as reference calibration measurements in EPIC (Slimani et al., 2000b) . In contrast to foods reported in the national NDBs, the level of description from EPIC 24-HDRs is highly standardized and detailed, ensuring that the same or similar foods are described with equal levels of detail within and between countries. This approach, adapted from the LANGUAL multifactorial coding system (FDA, 1992; Langual, 2005) , involves the use of 'facets' and 'descriptors' in addition to the food name in order to describe foods. In EPIC-SOFT, food 'facets' (e.g. cooking method and preservation method) were used as systematic questions to describe similar foods, whereas the 'descriptors' were used as their pre-defined potential answers available to the subjects (e.g. boiled or fried for the 'cooking method' facet) (Slimani et al., 2000a) .
Depending on the country, between 3500 (Greece) and 15 000 (France) different food occurrences, resulting from the combination of food names and facet/descriptor strings, were initially reported by the EPIC study subjects. These initial EPIC food occurrences were further aggregated to obtain 547-1537 foods per country as entries in the vertical axis of the ENDB using common rules across countries to aggregate both foods and their respective facets/descriptors. As the calibration approach described previously required only good estimates of mean population intakes, the final list of foods consisted of 80% of total quantities of each EPIC food subgroup consumed. The foods with lower contributions, but which were important sources of the selected components, were also included in the ENDB food lists. For the remaining foods (20% of the subgroup quantities) with low individual contributions to the mean intakes, the component contents were averaged at the food (sub) group level.
ENDB component list (horizontal axis of the matrices)
The nutrients considered in ENDB as horizontal axes of the matrices (see Figure 1) were prioritized according to four main criteria: (1) their pre-evaluated availability in the national databases; (2) their relative comparability; (3) their completeness; and (4) their relevance to the cancer research priorities of EPIC. Of the 100 nutrients considered initially, 26 were prioritized in the ENDB (Table 1) . Furthermore, other related components needed for calculation or standardization of the selected components were also considered, although their completeness varies substantially from country to country. The specific approaches used to harmonize the ENDB components across countries are detailed in Table 3 . In this paper food components and nutrients will be interchangeably used.
Food matching
Food matching, sometimes reported as food coding in the literature, is a major step in data processing to derive
The EPIC nutrient database project N Slimani et al nutrient estimates from dietary consumption data (Guilland et al., 1993; Price et al., 1995 , Welch et al., 2001 . This procedure involves linking foods reported by the study subjects to the restricted number of foods actually available in the national databases or other sources of composition data. Alternative approaches to approximate nutrient contents are usually considered if no equivalent foods are found in the reference national databases (e.g. raw-to-cooked, recipe calculation or averaging calculation). In most cases, the procedure for aggregating food lists precedes or is implicitly included in the food matching approach.
In the ENDB project (see Figure 1) , the food matching procedure was highly standardized across countries. The facet/descriptor approach used in EPIC-SOFT to standardize food description across countries facilitated this task. Furthermore, a common matching code system was developed in order to define the main food characteristics to be considered per food group when matching. The nature and quality of the food matching was coded to indicate systematically whether the EPIC foods and those available in the national (or other) databases were exactly the same ('exact match') or similar ('similar match') in definition, description and nutrient content. Two other matching options were available for foods to be obtained by recipe calculation ('calculated as recipe') or by weighted average ('generic item'), if no exact equivalent or similar food was available in Table 1 ENDB first priority list of nutrients and related components
ENDB priority nutrients
The completeness of related components and conversion and other factors varies substantially across national data sets and they were, therefore, not always available for back calculation in all countries.
Construction of the ENDB Matrices
Final checks and export of ENDB 
Matching of EPIC foods to NDBs

ENDB
Figure 1
Main steps and deliverables of the ENDB project.
The EPIC nutrient database project N Slimani et al the NDSs. When the match was not exact, further information on food characteristics leading to differences in the final nutrient contents such as differences in cooking methods, fat content and visible fat, food with or without skin or peel, source of foods (e.g. chicken sausage vs turkey sausage), sugar content, canning medium, physical state (e.g. dried, powder vs reconstituted or fresh) were always reported. In ENDB, these differences were tentatively corrected using common algorithms as detailed under the section 'Calculation of reported foods not available in NDSs'. As far as possible, it was recommended to match consumption data to contemporary composition data, especially to take into account possible changes in food fortification. Furthermore, the food matching performed locally was systematically re-checked by two senior nutritionists at the coordinating centre, who supervised and provided assistance on how to use the reference guidelines. Figure 2 shows that about 40% (France, Italy, Spain, Denmark and Sweden) to 60% (UK, Germany, NL and Norway) of the EPIC foods were matched to exact foods available in the 10 NDBs, whereas a marginal proportion was matched to similar not adjustable NDB foods (p2%). Between 15 (Sweden, UK) and 30% (Spain, Italy) of the EPIC foods were matched to NDB foods requiring further adjustments for weight changes, vitamin/mineral losses or for differences in fat or sugar content. Between 17 (Germany, Greece, NL) and 37% (Denmark, Sweden) of the EPIC foods were not readily available in the NDBs but obtained by recipe. Overall few EPIC foods have been treated as generic items (p4%).
Target documentation of the NDSs
The harmonization of NDBs requires a high level of documentation to evaluate the level of comparability across databases accurately and develop specific procedures to correct for systematic or random differences, when relevant Southgate, 1992, 2003) . The national databases initially available in the EPIC participating countries were either not documented or not in a fully comparable way. The national compilers involved in the ENDB project, except Germany, were therefore asked to document a subset of their national databases corresponding to foods matching the EPIC foods (so-called NDSs), according to standard procedures and formats. These procedures were based on the 'EUROFOODS recommendations for food database management and data interchange' (Schlotke et al., 2000) , which have been further extended and adapted to the ENDB needs. Documentation of the NDSs involved collecting information on the source of the database, component values (unit, mode of expression, value type, type of analytical or calculation method, statistical information), food groups (classification according to national and EPIC food groups), food description (scientific and taxonomic names, national and English names, information on the food samples) and publications (as references for the sources of values or reporting analytical method). However, considering both the limited resources and information available, the documentation was targeted and prioritized to obtain the information actually relevant to data standardization. For example, beside possible differences in units corrected for in ENDB, the minerals considered (calcium, The EPIC nutrient database project N Slimani et al potassium, iron, magnesium and phosphorus) were assumed to be comparable in terms of analytical methods across countries, whereas fibre, vitamin E and b-carotene required more specific information on the units, mode of expression, methods of analysis and calculation for appropriate standardization across countries. The documentation enabled systematic coding of whether given expected information was available or not. Thus the status of documentation of the individual NDSs could be evaluated and the procedures of standardization and evaluation adapted accordingly, as summarized in Table 3 . In Germany, the documentation and full evaluation of the NDS was not possible within the ENDB project because the institute in charge of the national NDB was moved to another town while the project was on-going. An emergency solution involving the German EPIC collaborators was set up with the aim of obtaining at least the nutrient data and the general database policies to identify systematic problems of standardization or comparability. Table 2a summarizes the level of documentation obtained on the method of analysis, which is crucial for the standardization of method-dependent components. As requested to the national compilers, values resulting from direct or indirect analyses (i.e. analytical results (4-23%), aggregation of analytical results (0-45%), summation of constituent components (2-16%), calculation involving conversion factors (3-15%) and calculated on component profile (o0.5-2%)), were largely documented in most data sets. These analytical values represent 20% (Italy) to 68% (France) of the NDS values. Overall, 87% of them are documented for analytical method with a large variation across countries, from 51% in France to over 90% in Italy, the UK, Greece, Sweden, Denmark and Norway. However, when all NDS values are considered, the documentation on method of analysis is missing for 70% of the values. To a large extent, this missing information concerns values with unknown method type (30%) or estimated values (23%). This lack of documentation has relatively little impact on the selected ENDB components with analytical methods which are assumed to be comparable, such as fatty acid fractions, cholesterol, sugars, starch, alcohol, B-vitamins, vitamin C and minerals. However, for fibres (Table 2b ), for example, for which values are highly method-dependent, only 26% values were assessed as comparable to the reference AOAC methods, whereas 74% are of indeterminate comparability. Nevertheless, more than half of these values concern logical zeros from non-plant foods or low sources of fibres (e.g. sauces, miscellaneous foods), implicitly assumed comparable. Furthermore, as fibre values from fruits and vegetables and derived products in the ENDB were also assumed to be comparable (see Table 3 ), only 8-18% of the total fibre values of indeterminate comparability (fibres from potato-, legumeand cereal-based foods) required visual checks to improve comparability and identify outlier values. So, finally, 81-96% of fibre values can be assumed to be comparable.
Standardization, data assessment and evaluation of the NDSs
Following the documentation (see Figure 1) , the main objective of the harmonization of the NDSs by the national compilers was to re-evaluate the documented NDSs to improve their comparability and completeness. The main purpose of the ENDB was not to re-evaluate the reliability of the existing national data but to improve their comparability and completeness for use on an international scale. Strategies and priorities were, therefore, defined to make the most cost-effective use of the current available resources, taking into account the level of information and documentation actually available in the 9 NDSs. To evaluate the NDSs, a series of assumptions and decisions were made: (a) It was decided to accept the national data, assuming that the national compilers provide the most reliable values available locally, although it still might include obsolete or non-comparable values. Errors or inconsistencies were reported to the national compilers when identified. (b) It was assumed that the national compilers had provided all available and required documentation during the target documentation phase and that any further attempt to obtain more information was incompatible with the resources available and the time-schedule of this project. Furthermore, although the sampling procedures for analytical values were not always provided, we assumed they were suitable for reflecting local food practices and habits. (c) When available in NDSs, the nutritional values of the foods cooked without fats were assumed to be reliable, whereas the values for foods with added fat were systematically recalculated using an algorithm common to all countries because of the internal rules of EPIC-SOFT, as explained under section 6. (d) It was assumed that for nutritional epidemiology research purposes, it is better to approximate nutrient values than to leave them as missing.
The evaluation of the documented NDSs by the national compilers was performed using an evaluation release of the EnMan DBMS. To minimize the inherent differences between data sets, country-specific reports and instructions were given to the national compilers, taking into account the completeness and level of documentation of their own data set. Assessment reports on specific component groups were available to the national compilers, as well as EnMan routine facilities to identify and display values requiring further documentation or to be evaluated, that is, noncomparable or non-standardized values. Most of the standardization of units and mode of expression in the NDSs was completed automatically. However, any values still not standardized (e.g. alcohol values estimated in volume instead of grams with missing specific density factors for recalculation) were automatically flagged by the EnMan system. An ad hoc grading system developed by the expert group was used to label the values as comparable, not comparable or comparability undetermined, according to the documentation available and the ENDB reference analytical methods and component definitions. This grading also takes into account methods that are food-group specific, obsolete or inappropriate. For a large proportion of values reported in the NDSs, no information on the analytical or calculation method was provided, so these values were graded as of indeterminate comparability (B72%, including no and indeterminate method of analysis). As it is assumed that compilers have provided the best values available, the evaluation of these values was restricted to a visual check for comparison with similar foods, particularly for components known to be highly dependent on the analytical method or definition, such as dietary fibre.
Other values from the NDSs were automatically assigned as 'comparable values', and the national compilers were therefore not asked to evaluate them. These concern In the ENDB the following methods were assumed to be comparable to the reference AOAC methods for analysis of total dietary fibres (see Table 3 Fibre values from fruits, vegetables and derived products were assumed to be comparable (see Table 3 ). Some imprecisions in the figures given may exist as nonfruit and vegetable-based products are included in some of the selected food groups (e.g. vegetables, fruits, nonalcoholic beverages, soups and bouillon). d Low or zero fibre values were assumed to be comparable with no or little impact on fibre estimates (e.g. fibre values from dairy, meat-and fish-based products, eggs, sugar and confectionary, fats, alcoholic beverages, condiments, sauces and miscellaneous foods).
e These concern particularly fibre values from potato-, legume-and cereal-based products including cakes and biscuits, for which the lack of documentation on the method of analysis made it impossible to determine their level of comparability. f The total of comparable fibre values results from the sum of 'comparable', 'assumed comparable' and 'low or zero' fibre values (highlighted in grey).
The The missing values to be imputed by the national compilers were also specifically flagged and were retrievable per component and/or food groups. In addition, different facilities were available to enable the national compilers to edit, change and/or adjust an existing value and its related documentation, copy values from the same or similar foods in the national or other data sets, calculate a simple average from several foods or derive a value by profile calculation from a similar food for missing fatty acid fractions or sugar/starch. Furthermore, frequency of consumption derived from the EPIC 24-HDRs was also available in EnMan to prioritize the evaluation of foods contributing more to the mean population intakes, as this is the purpose of the EPIC calibration. After evaluation by the national compilers or automatic (back-) calculations performed in the EnMan system, the evaluation status of individual values changed from 'to be evaluated' to 'evaluated', and the related documentation was updated/provided accordingly whenever original values were changed or missing values imputed.
Depending on the status of comparability across countries, each ENDB component was standardized, evaluated and completed for missing values, as far as possible, according to component-specific procedures summarized in Table 3 .
Imputation of missing values
Missing values in NDBs are an important source of imprecision that may affect nutrient intakes by different magnitudes, particularly if the completeness of the NDBs used in pooled analyses varies. Several authors have suggested that it is better to approximate a missing value rather than to leave it blank and assign a zero value (Schakel et al 1997; Cowin and Emmett, 1999) . One of the first objectives of the documentation phase in the ENDB project was to identify the missing values corresponding to logical zeros. This task was crucial to concentrate on the imputation of real missing values only. Facilities were implemented in the EnMan DBMS to flag and display easily the missing values to be imputed per component and/or food group. The national compilers were asked to reduce the number of missing values in their data set following specific component-group strategies and by prioritizing foods with high consumption (derived from the EPIC 24-HDRs) or considered as an important source of the given component. Values could be imputed using the best available alternatives from similar foods in the same NDSs or alternatively from the same foods in other foreign data sets. For fatty acid fractions (saturated, monounsaturated and polyunsaturated fatty acids) or sugars and starch, the imputed missing values could also be derived from profile calculation of foods with similar fat (or carbohydrate) content but with no missing values, using their relative proportion of fatty acids (or sugar and starch). The choice of the most appropriate procedure to impute missing values among the restricted options was under the national compiler's appreciation.
The level of completeness in the NDSs has been considerably improved following specific procedures detailed in Table 3 , particularly for certain components and countries (Table 4) . Except Germany (100%), the overall completeness of the initial NDSs ranged from 81% (Sweden, Greece) to B94% (France, NL, Norway). After evaluation and imputation of missing values the overall completeness is above 98% in all NDSs. Certain ENDB components were missing in the original NDSs, for example, magnesium and vitamin B 12 in Italy and sugars and starch in Sweden and/or have definitions differing from the reference ENDB ones which have been corrected in the final evaluated NDSs. The latter concerns particularly b-carotene in France and Italy; vitamin C in Sweden; vitamin E in Sweden and Norway and carbohydrates in Denmark. Among the missing values in the original NDSs, 17% (Norway) to 57% (NL) were evaluated as logical zeros and assigned zero values during the documentation or evaluation phase, whereas 40% (NL) to above 60% (Denmark, Sweden, Spain, Greece and Norway) were real missing values for which values different from zeros were imputed. A minimal proportion of missing values remained in the final evaluated NDSs (o1%).
Calculation of reported foods not available in the NDSs
Foods not available in the national databases but frequently reported in the EPIC 24-HDRs or nutritionally important (e.g. foods less frequently consumed but with high concentrations of nutrients of interest, such as liver and derived products for retinol) were obtained by different calculation procedures. These concerned particularly foods cooked according to cooking methods not available in NDBs, composite foods or mixed recipes not broken down during the 24-HDR interviews (e.g. cakes, biscuits, soups, sauces, cream desserts), and generic items (i.e. unspecified foods such as 'meat n.s.'or 'oil n.s.'). Furthermore, when the matching between the foods reported by the study subjects and those available in national databases was not perfect because of differences in fat or sugar content or skin/visible fat consumed or not, appropriate further adjustments were performed.
Cooked foods. One of the important sources of heterogeneity between European NDBs is that they do not provide, or not systematically, sufficient information on different cooking methods that are reported by the study subjects. These differences may introduce systematic or random errors in the estimation of all nutrient intakes, particularly thermolabile vitamins and minerals. In the ENDB, the same algorithms, standard coefficients and procedures have been used to adjust for cooking. After aggregation of the detailed cooking
The EPIC nutrient database project N Slimani et al Standardization of the mode of expression in Greece (expressed as % total fatty acids, % total fat or % total food). For fatty acid values expressed 'per 100 g total fatty acids', the fat conversion factor (FACF) was requested and used as follows: FAMS (g) ¼ FAMS per 100 g total fatty acids Â FACF Â FAT. For fatty acid values expressed 'per 100 g total fat': FAMS (g) ¼ FAMS per 100 g total fat Â FAT. For fatty acid values expressed 'per 100 g total food', see PROT.
Missing values were either imputed by profile calculation especially in Spain, Greece and the UK or edited, copied or averaged based on similar foods from the national or a foreign database. Standardization of units required for Italy, UK, Greece and Spain, where CHO was expressed in monosaccharide equivalents (MSE). Whenever possible, these were automatically recalculated using either single sugars, when available, or approximated using the following conversion algorithms: 
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Missing sugar values were calculated: -as the sum of mono-and disaccharides (MNSAC þ DISAC) in Sweden; -as the difference between carbohydrates and starch (CHO-STARCH) in the UK; -using a profile calculation in Greece. Many values were edited, copied. For foods of animal origin (ORIGIN variable), sugars were equal to carbohydrates (SUGAR ¼ CHO).
In Denmark the sugar definition also includes trisaccharides but no attempt was made to standardize it further.
The EPIC nutrient database project N Slimani et al Since the completeness was better for vitamin E (VITE), it has been used as the reference in the ENDB. Sweden and Norway have only TOCPHA. Vitamin E (a-tocopherol equivalents) McLaughlin and Weirauch, 1979) c For nuts, seeds and oils, a manual imputation of vitamin E was required if the values were missing or TOCPHA values were reported.
For the other foods, vitamin E (VITE) and a-tocopherol (TOCPHA) were assumed to be comparable and automatically assigned in EnMan, in Spain, the UK, Greece, and edited in Sweden and Norway. Sum of retinoids as all-trans-retinol, with or without application of activity factors. 13-cis-retinol has 75% of the activity of all-trans-retinol. Retinaldehyde has 90% of it. Preferred method HPLC, not colorimetric methods.
For foods of plant origin, logical zeros were automatically assigned (in the UK and Netherlands). The EPIC nutrient database project N Slimani et al methods reported in the EPIC 24-HDRs (about 30 different methods), the rules described below were applied, considering separately whether foods were cooked with fats or not.
Foods cooked without fat (i.e. boiled, steamed, poached, blanched, etc.) were matched to the same/equivalent cooked foods from the national or foreign data sets, if the match was exact. If this was not the case, foods reported cooked were matched to raw foods and adjusted for weight changes and vitamin/mineral losses (e.g. 'potato, boiled' matched to 'potato, boiled', or else to 'potato, raw'). The foods cooked with fat were systematically broken down during the 24-HDR interviews, so they were available as two separate items (cooked food and its related fat used for cooking) when matching to the NDBs. Fats were matched to corresponding fats in the national databases, whereas the related foods (cooked foods minus cooked fats) were systematically matched to raw foods ('potato, fried' matched to 'potato, raw'), and the resulting values adjusted. These involve adjustments for water (and fat for meats), weight changes and mineral and vitamin losses due to cooking and preparation practices, using foodspecific raw-to-cooked coefficients and retention factors available in the participating countries or gathered from the literature (Møller, 1994; Bergström, 1997; Bognar and Piekarski, 2000; Bognar, 2002; USDA, 2003) .
Mixed recipes. Recipe calculation was proposed for calculating nutrient content of reported multi-ingredient foods not available in the local or foreign NDBs, using standard The German NDS used was 100% completed before evaluation for all ENDB nutrients considered (i.e. max ¼ 100% before and after evaluation). b The mean is calculated as the mean completeness of the 10 NDSs per individual and all ENDB components. The minima and maxima relate to the NDS with the lowest and highest completeness, respectively. The evaluation process includes data cleaning performed during the documentation phase (e.g. identification of logical zeros).
procedures across countries. A standard format was used to create country-specific recipe databases. Information and bibliographic sources on the recipe and its related ingredients were systematically collected (e.g. local and English names, cooking method used, homemade vs commercial recipes, reconstituted from powder as well as the specific type of fat or liquid used, whether its ingredient quantities were estimated as cooked or raw and with inedible part or not). Recipe-specific weight change factors for water and fat were also collected and used when appropriate. Ingredientspecific density, edible and raw-to-cooked factors and standard units (e.g. medium onion ¼ 110 g) were used to calculate the weights of ingredients as 100% edible, raw and in grams. Specific algorithms implemented in EnMan to calculate the nutrient content of recipes took into account the water, fat and possibly alcohol weight changes of the entire recipe, and weight changes due to mineral and vitamin losses at the ingredient level.
Depending on the country, the final recipe files contain between 97 and 580 standard or substitutable recipes (see Table 5 ). The latter are variants of the same standard recipes (e.g. cakes, biscuits, sauces and soups) taking into account the types of fat (e.g. specific vegetable oils, margarines) and liquids (e.g. milk, water, broth) systematically questioned in the EPIC-SOFT 24-HDRs when these mixed foods were homemade or commercial (for fat only).
Generic items. The generic or non-specified items correspond to foods reported with insufficiently detailed description or specification to be properly identified and matched to NDBs (e.g. citrus fruits, red meat, cakes or vegetable oils not specified). In ENDB, the nutrient content of generic items was averaged using country-specific internal weighted factors based on the frequencies of consumption of related foods reported in the EPIC-SOFT 24-HDRs (e.g. weighted average of olive oil, sunflower oil, corn oil, etc. for the generic item 'vegetable oil'), although it represents a limited proportion of reported foods.
Final construction and content of the ENDB As indicated in Table 5 , the final build up of the ENDB is based on the combination of two sets of food data coming from the documented national (or foreign) data sets and the country-specific recipe files. A given national or foreign food (or standard recipe) may have been matched to several ENDB foods. Except for Greece, 79-97% of the foods used to build up the ENDB, came directly or indirectly from their NDSs whereas the remainder came from other EPIC data sets. For Greece, 68% of the foods used to build up its ENDB, came directly or indirectly from its NDS. From these 28% refer to 96 local foods recently chemically analysed, with missing values completed by imputation, whereas 41% refer to 142 UK foods included in the published NDB (Trichopoulou, 2004) and considered part of the Greek NDS. Beside this, an additional percentage of UK foods (13%), not included in the published NDB have been borrowed for the completion of the ENDB. Consequently, in total, 53% of the foods used to build up its ENDB are derived from UK data and documented by the British compiler.
Overall, the ENDB contains a total of 10 076 foods varying from about 547 in Greece to 1537 in Sweden, representing about 260 000 nutrient values. About 40% (Denmark, Italy, Spain) to about 60% (NL, UK, Germany, Norway) come from a direct copy of the foods from national or foreign foods, when the match was exact (or similar). The rest of the ENDB foods (37-64%) are obtained by different calculation processes. 15% (NL, Sweden) to about 30% (Spain, Italy) of the ENDB foods result from further adjustments of the original NDS foods for weight changes and mineral/vitamin losses whereas 17% (Germany, Greece, NL) to 37% (Denmark, Sweden) are obtained by recipe calculation. The contribution of generic foods obtained by weighted averaging represents less than 4% in ENDB.
Discussion
The lack of comparable food databases is a major obstacle to investigating the wide range of food components of etiological interest in international multicentre epidemiological studies. To a large extent, this situation can be explained by the difficulty and cost of compiling comparable databases. Another more methodological reason is that standardization between national databases has so far been essentially focused on the harmonization of nutrients (i.e. modes of expression, units and chemical analytical methods) and international food data interchange (Klensin, 1992; Schlotke, 1996; Greenfield and Southgate, 2003) . The complete standardization of existing NDBs has, however, always come up against the difficulty of standardizing the food lists. Some special features of the ENDB project, resulting from the use of standardized 24-HDRs as food entries in the matrices, helped overcome this problem partially. The same food aggregation rules were applied to generate new matrices (food lists) independently of differences in type and number of foods across the national databases. As a major implication, a relatively large proportion of the ENDB foods were approximated by calculating/ adjusting in order to compensate for the lack of equivalent foods in the national or other databases (37-64%). Thus, in addition to being a first attempt to standardize NDSs for multicentre/population epidemiological research, the ENDB should be seen as a prototype offering a unique opportunity to evaluate the current strengths and limitations for harmonizing NDBs and to contribute to their improvement through the broader context of the EuroFIR project. Furthermore, as the project is nested in EPIC, an existing large multicentre nutritional study, it was possible to address problems not only relevant to the standardization of NDBs but also those related to their matching to real consumption data.
The EPIC nutrient database project N Slimani et al Despite some lack of documentation on, particularly, the definition and chemical method of analysis used for certain components, the ENDB improves the comparability of NDBs used in the 10 EPIC countries. This concerns first an extensive documentation of the NDSs by retrieving information that was not always readily available (i.e. information retrieved from laboratory reports, scientific papers, food surveillance information sheets, etc.). Although it was not always possible to obtain the full requested information, this provides the present documentation status of individual NDSs so that procedures can be adopted to standardize and evaluate them accordingly. Furthermore, all component values have been (re-) expressed according to the same standard units, and the modes of expression harmonized when expressed differently. The latter concerns particularly carbohydrates and all component values of alcoholic beverages in some countries. Protein values were systematically back-calculated using 6.25 as standard reference as well as total energy using the Atwater factors in kJ, 17,17,37,29 for proteins, carbohydrates, fats and alcohol, respectively. The number of missing values, which were unequally distributed among components and countries, were substantially reduced using common procedures of imputation, whereas logical zeros and trace values were identified in each data set and assigned zeros or appropriate numerical values. However, although these advances are important achievements for improving the comparability of NDBs within the ENDB project, certain inherent methodological problems related to the use and standardization of NDBs are still unsolved.
The lack of documentation, or differing levels of documentation across databases on definitions and methods of analysis is currently one of the major limitations to evaluating the quality of nutrient data (Holden et al., 2002) and improving further the comparability of NDBs. The lack of information on sampling procedures did not allow evaluating their level of comparability and possible impacts on the actual values. Furthermore, only 26% of the dietary fibre values have information on their definition and method of analysis. Similar figures are also reported for other major nutrients of research or public health interest for which the standardization is definition-and/or methoddependent (e.g. fats, carbohydrates, vitamin D, retinol and b-carotene). Most of the missing information on the method of analysis is, however, due to logical zeros, imputed/ estimated values and other values with unknown origin. Because of the absence of fully adequate documentation, alternative evaluation procedures combining automatic, food-group specific and visual checks were developed, as summarized in Table 3 . As experienced in certain ENDB countries, tracking back the documentation was a heavy task because the NDBs were either not documented, or not according to the same rules or data support/format as those proposed in the ENDB interchange guidelines.
Another intrinsic problem when using NDBs is that they cannot contain and easily maintain overtime the permanent changes in the consumer market, reflecting new foodstuffs and changes in existing ones, such as food fortification and nutrient enrichment or reformulation (Anderson et al., 2001 ; Foods from NDS (1) 285 (52) 423 (42) 442 (40) 552 (47) 573 (59) 669 (63) 566 (59) 313 (36) 694 (45) 494 (57) Foods from NDS adjusted (2) 147 (27) 286 (28) 341 (31) 282 (24) 190 (20) 183 (17) 145 (15) 213 (25) 228 (15) 167 (19) Weighted generic foods (3) 18 (3) 16 (2) 23 (2) 24 (2) 36 (4) 25 (2) 15 (2) 15 (2) 35 (2) 8 (1) Standard and substitutable recipes (4) 97 (18) 281 (28) 293 (27) 316 (27) 165 (17) 191 (18) 225 (24) 315 (37) 580 (38) 205 (23) (1) : Foods directly copied from the National data set (NDS) or borrowed for the ENDB from the National datasets of other countries.
(2) : Foods copied from the National data sets to ENDB, after adjustment for weight changes and/or vitamin/mineral losses. The total number of ENDB foods per country may exceed the sum of NDS foods and recipes used to build up the ENDB. This is due to the fact that the same NDS food or recipe can be matched to several EPIC foods in the ENDB. These overall figures might slightly change due to normal processes of continuous data cleaning.
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The EPIC nutrient database project N Slimani et al Gillanders et al., 2002) . The latter reported an annual turnover of 30-50% in The New Zealand Manufactured Food Database of 5000 manufactured food items. The aggregation of foods according to similarities in their botanic origin, food classification, food preparation, cooking practices and nutrient content or fortification/enrichment is one of the possible approaches to handle this problem and reduce the number of food entries in NDBs. However, this may also artificially reduce true within-and between-subject variability in nutrient intakes by combining foods with heterogeneous nutrient contents, particularly if NDBs offer a limited number of food entries. As an indication of the order of magnitude of this problem, the original EPIC food occurrences were aggregated reducing the list of EPIC foods by a factor 6-12, depending on the country, before being matched to national databases. This high degree of aggregation is owing to the high level of details initially in the EPIC 24-HDRs, using a facet/descriptor approach to describe fully foods reported according to their source, physical state, method of preservation, packing medium, cooking method, etc., including brand names or product names.
Although it has a series of limitations, the only alternative left to end users is to approximate the nutrient content by means of calculation or adjustment procedures. As reported in our study, a large proportion of the ENDB foods (40-60%) come from adjusted values of the NDS foods or other calculation methods (i.e. raw to cooked and recipe calculation or weighted averaging), using algorithms common across databases. This approximation was preferable to forced matching which would not take into account important differences in nutrient content or individual information provided, for example, on cooking methods and types of fats used. This approach, adopted in the ENDB, also reveals the current lack of reference algorithms and country-and food-specific conversion factors to refine these approximations. Despite important efforts already undertaken (Møller, 1994; Bergström, 1997; Bognar and Piekarski, 2000; Bognar, 2002; USDA, 2003) , more resources are needed to develop common algorithms and related coefficient databases for calculating important reported foods not available in the national databases. Considering the increasing proportion of commercial or processed foods in European diets, the food industry should be involved as a major partner in these efforts (Weiss, 2001) . Furthermore, although food aggregation and matching are traditionally considered an end user's task, the errors associated with food coding/matching might be substantially reduced and better controlled if common guidelines were set up across European countries with support from national compilers. Increasing the number of basic foods analysed according to different cooking methods and preparation methods, and defining a systematic approach to deal with mixed recipes and industrial multi-ingredient foods seems the only way to reduce in the future the gaps between the foods available on the market and reported by the study subjects and those actually available in national databases. A precise assessment of the absolute intakes as 'final consumed' forms (i.e. including all nutrient losses), as well as a better understanding of the bioavailability of food components, is also becoming crucial owing to the increasing use of biomarkers of diet in epidemiological research Mayne, 2003) .
The ENDB started with a list of 26 priority components, but other nutrients and bioactive compounds are of research interest such as folates, individual carotenoids and fatty acids, tocopherols, flavonoids, sulphur compounds, lignans and phytosterols. Most of them should be covered by the EuroFIR project, and it is anticipated that the ENDB will be further extended and regularly updated using the EuroFIR outcomes once they are available. In parallel, the EPIC network will investigate whether reliable biomarkers of diet (or dietary status) instead of, or in addition to, nutritional measurements should be used to strengthen the estimation of individual nutritional exposure (Kaaks et al., 1997; Prentice et al., 2002; Potischman and Freudenheim, 2003) . This is particularly important for nutrients, bioactive and other components either not available in NDBs, with limited reliability and/or difficult to standardize across countries, for example, folates, sodium, selenium, individual fatty acids, contaminants and pesticides (Arab, 2003; Hambidge, 2003; Mason, 2003; Potischman and Freudenheim, 2003) .
Another experience in standardizing NDBs between 14 countries world wide has been reported recently (Merchant and Dehghan, 2006) . In this on-going study, the USDA database has been used as primary data source for estimating nutrient intakes from a semi-quantitative Food Frequency Questionnaire, with adaptations according to reference local food composition tables and recipe calculation for local mixed dishes. This approach assumes that using the same nutrient data source (i.e. USDA) will make the errors associated with NDBs more consistent across countries. Although it is debatable, it reflects once again the difficulties for end-users in addressing the problems of standardizing NDBs at the international level. This is particularly true in the context of this large epidemiological study that, in contrast to ENDB, involves developed and developing countries from Asia, America and Africa with sometimes no national databases available nor support from national compilers for documenting, evaluating and standardizing NDBs. Furthermore, as pointed out by the authors, one of the major limitations of this strategy is the limited number of foods with comparable data, that makes it unsuitable for detailed dietary assessment methods such as diaries and 24-HDRs.
In the context of nutritional studies, the effects on nutrient intake values of errors and/or inconsistencies in NDBs are of crucial importance. These are, however, particularly tricky to evaluate because the transformation of dietary intakes into nutrients occurs at a late stage in data processing. The net errors/uncertainties observed at the nutrient intake level are, therefore, not specific to NDBs but include also other errors occurring during data collection, coding, processing and calculation (Bingham, 1987;  
